Abstract
Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the leading causes of cancer-related death today. In the United States it ranks fourth, accounting for approximately
,000 deaths per year [1] . Apart from surgery there is no effective therapy, and even most patients who had undergone tumour resection die within the first 3 years after surgery [2] . The [3] , the contribution of tumour stroma during the natural history is still incomplete [4] . Stromal cells might revert a tumourigenic phenotype [5] , but participation of stromal tissue during metastatic processes has also been described [6] . The stromal compartment of a tumour might also harbour genetic changes indicating a coevolutionary process of tumour epithelium and stroma compartment [7] . In PDAC, it has been demonstrated that radiation of stromal fibroblasts increase the invasiveness of PDAC [8, 9] . Several mediators of stromal epithelial interaction have been described [10] , of which TGF-␤ takes part in the development of fibrotic changes within the stroma of pancreatic tissue [11] . Only recently the relevance of the Wnt signalling pathway in mediating stromal-epithelial interactions of tumours has been described [12] . However, in contrast to many other solid tumours the canonical Wnt signal transduction pathway is rarely activated in PDAC, since translocation of ␤-catenin to the nucleus is seldom observed [13, 14] . [15] [16] [17] [18] [19] [20] . Most 
main reason for this poor prognosis is local recurrence and/or the occurrence of distant metastases. Whereas the genetic and epigenetic changes of tumour epithelia in general have been investigated in great detail in the last decades
Recently, various research groups have applied DNA-microarray technology to identify differentially expressed genes in PDAC for new diagnostic and therapeutic approaches
Material and methods
Patients and tissues
Cell culture
The cell lines CAPAN2, BxPC3, CAPAN1, ASPC1, COLO357, MiaPaCa2, Panc1, Panc89, PT45, PancTUI, Kif5, F13 [23] and immortalized primary stellate cells [24] were cultured in RPMI 1640 supplemented with 10% foetal bovine serum, 2 mM glutamine, non-essential amino acids (5 ml/l), penicillin (10, 
Quantitative RT-PCR
The aRNA from the second amplification cycle, as stated above, was reversely transcribed into cDNA. 1 [27] 
ng of cDNA was used for a TaqMan assay (Applied Biosystems, Weiterstadt, Germany). The genes were amplified with the TaqMan Universal PCR Master Mix according to the manufacturer's instructions, with an ABI PRISM 5700 Sequence Detection System using gene specific primers and probes. Gene expression was quantified by the comparative cT-Method, normalizing cT-values to a housekeeping gene (␤-actin or G6PDH) and calculating the relative expression values
Immunohistochemistry
For immunohistochemistry, 5 m sections were routinely prepared using sialinized slides (superfrost slides from Menzel Gl‰ser, Braunschweig, Germany). Immunohistochemistry for WNT5a and SFRP1 was performed using the streptavidin-biotin-peroxidase method as described previously [28] . (Fig. 1A) . Fig. 1B) . Fig. 2A and B) . Fig. 4E and F) . [42] . WNT5a has been shown to activate MMP7 and to enhance the invasiveness of breast cancer cells via the non-canonical JNK pathway which might also occur in PDAC stroma, since we observed a MMP7 overexpression in those cells [43] . Interestingly, in PDAC cells WNT5a might also promote growth and invasion [31] [44, 45] . WNT5a has also been characterized as a modulator of chondrocyte development and associated with chondrocyte hypertrophy [46] . Chondrocyte hypertrophy is also associated with the expression of COL10A1 [47] which we and others identified to be overexpressed in PDAC stroma [38] . Therefore, WNT5a overexpression in tumour stroma might result in overexpression of COL10A1. COL10A1 belongs to the type of network-forming collagens; whereas, COL11A1 which we also observed as overexpressed in PDAC stroma is a fibrillar collagen [48] . 
Identifcation of genes overexpressed in tumour stroma
Validation of differential expression of WNT5a, CXCL14 and SFRP1
Induction of WNT5a by cocultivation
